Abstract. The stochastic nature of aluminum foam structure, having a random distribution of voids, makes it difficult to model its compressive deformation behavior accurately. In this paper, a 2-dimensional simplified modeling approach is introduced to analyze the compressive deformation behavior that occurs in Alporas aluminum foam (Al foam). This has been achieved using image analysis on real undeformed aluminum foam images obtained by VHX-100 digital microscope. Finite element mesh for the cross sectional model is generated with Object Oriented Finite element (OOF) method combined with ABAQUS structural analysis. It is expected that OOF modeling enable prediction of the origin of failure in terms of localized deformation with respect to the microstructural details. Furthermore, strain concentration sites leading to the evolution of the deformation band can be visualized. Thus, this investigation addresses the local inhomogeneity in the Al foam structure. This study implies that the OOF modeling approach combined with experimental observations can provide better insight into the understanding of aluminum foam compressive deformation behavior.
Introduction
Aluminum foam has a lightweight cellular-type of structure with novel properties. It offers significant performance gains in light, stiff structures, especially w.r.t the efficient absorption of energy [1] [2] . Therefore, numerous of the potential applications rely on its compression capabilities. However, a large variability, such as in cell sizes and morphological defects, does play a role. Accordingly, the study of mechanical behavior of aluminum foam under compressive loading is required.
Numerous literature is found, discussing the mechanical behaviors of aluminum foam under compressive loading through modeling. However, currently no unified treatment of the mechanical behavior of metallic foam is available [2] . Many of the modeling studies are devoted either to phenomenological approaches, such as Deshpande-Fleck model and Miller model or unit-cell-based models, such as the works of Gibson and Ashby, Santosa and Wierbicki, etc. In this paper, a unique 2-dimensional (2D) simplified image-based modeling approach is introduced. This has been achieved by using Object Oriented Finite element (OOF) method developed by NIST Center for Theoretical and Computational Materials Science. The results of 2D OOF methods are validated by comparison with a 3D model constructed from CT-scan images. The main challenge in the 2D modeling has been found to be material properties definition. Two models were proposed and it was found that one had a closer local displacement behavior in comparison with the 3D model. This model also showed the evidence of strain concentration sites.
Materials and Methods
Aluminum foam used is a closed cell material with relative density 16 . 0 = ρ , having morphology as shown in Fig. 1(a) . It has the trade name Alporas. The material was cut by Electric Discharge Machining (EDM) into several specimens with same cross section but different heights.
Experiment. Uninaxial compression tests were conducted on the aluminum foam specimens using servo-controlled hydraulic machine. The top and the bottom sides of the specimens were polished by sand paper and were carefully placed between platens to ensure both parallelity and axiality. To achieve minimum surface boundary effects, both top and bottom surfaces of the specimens were greased. Typical nominal stress-strain curve obtained from a specimen with 25mmx25mmx50mm size is shown in Fig. 1(b) . The elastic modulus data was extracted from the unloading curve. Elatic modulus under unloading, E UL , was selected because the tangential stiffness of the stress-strain curve under unloading process is larger than under the loading process.
Simulation. A 2D simplified modeling tool, OOF, shortly reads an image in the portable pixel map format, assigns material properties to the material features in the image, creates a finite-element mesh for subsequent computation, and performs virtual experiments to compute effective physical properties.
The first step in using OOF was to obtain an Al foam surface micrograph using VHX-100 digital microscope (Fig. 1a) . This was processed using Image Processing Tool Kit (add-on to Adobe Photoshop Imaging software) to generate an RGB image identifying different features in the microhgraph (Fig. 2a) . Similar color or similar gray value pixels in this RGB image were then isolated and specific material properties were assigned to each set of pixels. This gave the material image (Fig.  2b ). Finite element meshes were then generated and refined with adaptive mesh routines (Fig. 2c) . The adaptive mesh routine approach adopted in this study was used to subdivide triangles and move nodes to minimize the functional E of the mesh [3] :
where, the triangles tend to be equilateral with α=0 and α=1 means the mesh triangles tend to be acute. E hom and E shape are functionals that depend on the element's homogeneity and shape, respectively. 
Progresses in Fracture and Strength of Materials and Structures
Defining 2D Properties. Each of the three different colored pixels in Fig. 2a , correspond to different features of the aluminum foam. The white pixels correspond to cell faces, gray pixels to cell edges and black pixels to pores. As Alporas is manufactured from liquid components, surface tension can draw the material into the cell edges, leaving membranes across the faces of the cells. Hence, stiffness of the foam is derived from that of cell edges and cell faces.
In assigning material properties, two elastic modulus models were prepared. First model (M1) was developed based on the assumption that stiffness of foam is derived entirely from cell edges, and its moduli are identical to bulk aluminum with membranes providing only a minor contribution. Second model (M2) was developed based on the combined cell-edge bending and cell-face stretching equation [4] :
where, φ is the fraction of solid contained in the cell edges. E and ρ are elastic modulus and density, respectively. The first part on the right-hand side of the equation was assumed to correspond to the cell-edge elastic modulus and and the second part to the cell-face elastic modulus. The value ofφ , can be obtained from Eq. 3 [5] along with uniaxial compression test data (Fig. 1b) .
Results and Discussion
Comparison with 3D Model. The results of both the above models were compared to the 3D model built by CT-Scan images. Fig. 3 suggests that M2 generates a better match with the local displacement characteristics of the 3D model compared to M1. M2 will therefore be used for further analysis. Mesh Sensitivity and Elastic Modulus. As one might expect the FEM model is subject to mesh sensitivity, Fig. 4 (a) exhibits this tendency. However, upon some refinement the data tends to show a convergence. Fig. 4(b) shows that elastic modulus prediction obtained from 2D OOF model does not show dependency on the aspect ratio. Stress and Strain Distribution. Fig. 5 shows strain-stress distribution, ε yy-σ yy (y is loading direction), after 1.8% strain under uniaxial compression obtained from the 2D OOF method. These results suggest that strain concentration sites evidently occur at particular points and therefore have the potential to spread over the surface through other strain concentration points leading to the evolution of the deformation band. Meanwhile, from stress distribution, it is seen that the stress in loading direction along the edges plays an important role in supporting loads. Therefore, the effect of inhomogeneity along the edges is of significance in the mechanical behavior of aluminum foam.
Summary
2D simplified modeling approach is used to model aluminum foam behavior under compressive loading. This has been achieved by utilizing OOF method. The 2D models have been compared to a 3D CT-scan model, and it is found that the 2D model using the combined cell-edge bending and cell-face stretching equation shows comparable results in terms of magnitude of displacement contour. The strain distribution from this 2D model exhibits strain concentration sites which may lead to the evolution of the deformation band. 
